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RESEARCHMEMORANDUM

AERONAUTICS

DESIGNANDTESTOFI&ECE13-FLOWlllPEIZERS

EXPEWM3NULRESULTSFORIMPELLERMODEM MFI-1

ANDMFI-2WITHCHANGESINBLADEHEIGEL’

By JosephT. IIamrickjWilliamL.Be&le,
andJosephR.Withee,Jr.

sClllhURY

ModificationsA andB ofimpellermodelMIT-1andA, B, andC of
● impellermodelMFI-2wereinvestigatedexperimentallyinan attemptto

determinewhatallowanceinbladeheightshouldbemadeforboumisry-
8 lsy= andviscouslossesinan impell.mdesignedforisentropiccom-

pressibleflow.A gradualincreaseinbladeheightwasarbitrarilymade
frominletto outletinanticipationofa gradualbuild-upofboundary
lsyer.Apparentlytherewasa rapidbuild-upofboundarylayernesrthe
inletintheexperimentalcaseratherthana gradualone. Therefore,the
properallowanceforboundarylayercaunotbe prescribedfromthedata
obtained.

Decreasingthepressuregradientalongtheshroudbyreducingthe
bladeheightallowanceapparentlydidMttle to increasetheover-all
efficiency.At thed’esignspeedof1400feetpersecond,theover-all
adiabaticefficiencywasincreasedfrom0.83fortheMFI-IAto 0.85for
theMFI-IBwithreductionin height;however,it isindicatedfrcmthe
theoreticalvelooitydistributionandoutletsurveysthattheincreaae
wasdueto a changefromdeceleratingto acceleratingflowalongthehub
ratherthanfromanychangealongtheshroud.lt isfurtherindicated
thattheconsequencesofa thickenedorsepsratedboundarylayerdepend
notonlyonthedesignvelocitygradientsbutalao ontheshapeofthe
passage.

.&-* “~
*F

INTRODUCTION ●

A seriesofmixed-flowcentrifugalimpellersisbeingdesignedand
experimentallyinvestigat~ attheNACALewislaboratory,in orderto
developa reliableaerodynamicdesignprocedurethatwillreduceor
eliminatethelargeamountofaerodynamicdevelopmentworknecessaryin
thepast.Forthefirsttwomodelsofthisseries,impellermodels

a-.
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MFI-1andMFI-2ofreferences1 to 3,whichweredesi~edfor$sentropic
compressibleflow,thebladeheightwasarbitrarilyincreasedby
anamountvaryinggraduallyfromzeroat inletto 74percentoftheout-
letradialbladeheightat outlet.Thepurposeoftheincreasewasto
allowfora gradualbuild-upofboundarylayeraswellas‘toincrease
theratioofbladeheighttopassagewidth.jl?hesmountofincreasewas
madegreaterthanwasconsiderednecessaryinorderto alloi”-forreduc-
tionin severalstepsto thebladeheightforisentropicflow.

Theregionofgreatestboundary-layerbuild-upwillprobablyoccur
alongtheimpellershroudwherethemaximum&ecreaseinvelocityfrom
inletto outletmusttakeplace.Withthepresentlimitedknowledgeof
theboundsry-layerbehaviorina rotatingpassageandenclosingshroud,
themaximumallowablevelocitygradientsforwhichboundary-layersepara-
tionmaybe avoidedcannoteasilybedetermined.Althoughtherehas been

excellentprogressinthestudyofturbulentboundarylayerandsepara-
tioninrecentyears(refs.4 to 8),itisdifficultto applytheresults
ofthesestudiesto centrifugalcompressors.Theeffectontheflow
movementrelativetotheshroudandthesecondery-floweffectswithin
thepassage,suchasthosediscussedinreference9,areamongfactors
thataredifficultto evaluateinmakingapplicationofknowntheory.

An attemptis.madeinthisinvestigationtoprovidean analysisof
theresultsobtainedwithchangi~bladeheightthatwillaidthede-
signerinmakingallowanceforviscouseffects.Theyrocuremetitofex-
perimentaldatathatafforda preciseevaluationoftheresultsIsvery-
dtfficult,inasmuchasmeasurementswithintherotatingpassagearere-
quired.Inthisinvestigationtheinstrumentationoftheimpellerto
obtainmeasurementsintherotatingpassages_wasco~sideredimpracti-
cable;therefore,anapproximateevaluationispresented‘thatis”based–
ontotal-pressuresurveys~ustdownstreamoftheimpellerexit,statfc---
pressuremeasurementsonthestationaryshroud,andover-allperformance.
Theover-allperformancecharacteristicsoftwoversionsoftheMFI-1
impellerandthreeversionsoftheMFI-2impellerarepresented.

SYMBOLS

Thefo~owingsymbolsme usedinthisreport: —-

f6 slipfactor,ratioof-9&solutetangemtis,lvelocityat exitto im-
pellerspeedatexit,takenhereinasratioofover-all.enthalpy

(
impeller-outletspeedatroot-mean-square2

riseto radiusfromhubto-shroud )
gJ

L ratioofdistancefromimpellerinletmeasuredalongsurfaceof
shroudto totallengthof shroud

●
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stagnationpressureupstreamof inlet

staticpressure

ratioof velocityrelativeto impellerto speedof soundforinlet
stagnationconditions

actualimpellerspeedbasedon7.00-in.radius,ft/sec

actualairweightflow,lb/see

ratioof inlettotalpressuretoNACAstandardsea-levelpressure
(29.92in.~dh)

adl~atictemperature-riseefficiency

ratioof inlettotaltenmeratureto NACAstandardsea-leveltem-
perature(518.4°R) -

APmwiws, INSTNM3NCATION,m pRmuRE

Apparatus

Exceptforthechangeinshroudandouter-diffuser-walldimensions,
theapparatusisthesameasthatfortheMFI-IAinreference2. Two
impellers,theMFI-1andtheMFI-2,whichhavedifferenthtiandblade
shapesbutidenticalinletandoutletannuliandshroudshapes,were
usedintheinvestigation.Inthefirststep,thebasicbladeheight
(forisentropicflow)wasincreasedby an amountvsryingfromzeroat
itiletto 74percentoftheoukletradialbladeheightat outlet.In
thesecondstep,theincreasewasreducedby half. Inthethirdstep,
whichwasomittedfortheMFI-1,theallowancewaseliminated.Theim-
pe12erdesignationsforstepsone,two,andthree,respectimly,arethe
MFI-lAandMFI-ZA(configurationA),theMFI-lBandMFI-2B(configura-
tion), andtheMFI-2C(configurationC). PhotographsoftheMFI-lA
andMFI-2Aandtheshroudshqesforthethreeconfigurationsareshown
infigur~1. TheshrouddimensionsforconfigurationA ez?ethesameas
thosefortheMFI-lAandMFI-2Aofreferences1 to 3;andforconfigura-
tionC,thesameasthosefortheMFI-1and14FI-2impellersofreferences
1 to 3. Theshrouddtiensionsforconfigurationweredeterminedby
takingtheaverageoftheshroudradiiforconfigurationsA andC at each
axialdepth.TheouterdiffuserwallforconfigurationC wasdesigned
to giveconstantdiffuserareafrominletto outlet.l’orconfi~ation
B, theouter-d~fuser-wauradiiweredetetinedbv takinatheaveraaeof
theouter-diffuser-wallradiiforconfigurationsA“andC & thefirs;
inchofdiffuserlengthof configurationA withconstantareathereafter.
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showninfiguresl(a)and
andMFI-IBonly,andwere
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(c)wereanarbltrsryaddi-
nota partoftheisentropic

Instrumentation

Exceptforoutletsurveys,theindmmmetrtationisthesameasthat
describedinreference2. Allsurveysfromh~ to shroudweremadeat
an averagedistanceofapproximately7/8inchfromthe~eller exit
atthesurveystationshowninfigure1 atequivalentspeedsof1400
feetpersecond.FortheMFI-3A,a three-holel/4-inch-dian&ercylin-
dricalyewtnibewasused. Itwasfoundthatforanglemeasurementsthe
claw-typeprobe(fig.2)wasmoreaccurateonthebasisof integrated
valuesofweightflowatthesurveystation;therefwe,theclaw-type
probewasusedfortheMFI-IB.Forsurveysattheexitsofthethree
versionsoftheMFI-2,forwhichlow-temperatureairwasusedatthe
speedof1400feetpersecond,pressurefluctuationsintheairsupply
maderapidmeasurementsdesirable;therefore,a shieldedtotal-pressure
probesimilartothatshowninreference9 wasused. A comparisonof
total-pressuresurveyswiththeshieldedandtheclawprobesshowed
onlysmalldifferences(1percentatmid-passageto 4 percentnesr
walls);and,becauseofangleinsensitivityupto +40°withtheshielded
probe,thesurveyscouldbe maderapidlywhereflow-anglemeasureunts
werenotdesired.

.

.

.

Procedure ..

Theprocedurefordeterminationofover-allperformanceandslip
factorbasedonmeasurementsattheover-allmeasuringstationisthe
sameasthatforreference2. In coqutingvelocityatthesurveysta-
tion,onlywallstaticpressureswereused. A straight-linevariation
in staticpressurefromtheinnertotheouterwallwasasswd. Low- .—
temperatureairwasusedatthespeedof1600feetpersecondforthe
MFI-1andat 1300and1400feetpersecondfortheMFI-2,inorderto .
reducetheactualspeedasa safetyprecaution.ThemeanMne of 7
incheswasusedin settingtheimpellerspeedforallbladeheights.
Therefore,theactualtipspeeddecreasedfithdecreasingblw~he~ht~ “ ‘“

ACCURACYa? SuFNEys

Valuesof integratedweightflowbaaedonmeasurementsatthesur-
veystationwiththethree-holecylindricalyawlnibewereoftheorder i
of40percenttoohighas compsredwithmeas~ements.@th a submerged
ad~ustableorifice.Itw= thoughtthatthelargesizeof~~eprobe “ ‘- “----
(0.250-in.diam.) incoqparisonwiththep=sWehei@t (0.6in.) .

.
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contributedto largeerrorsinanglemeasurements.Intheneighborhood
oftheflowangleatthesurveystationfortheoutletmean-linespeed
of1400feetpersecond,an errorof10 inflowangleproducedanerror
ofapproximately4 percentinweightflow.Withtheclaw-typeprobeof
figure2,theintegratedweightflowvariedfrom17percenttoohighfor
theweightflowof13poundspersecondto 13percenttoohighatthe
weightflowof14poundspersecond.It isprobablethatfluctuations
intheabsolutevelocity,whichmaybe large(asshowninref.9),
causederrorsinboththepressureandanglemeasurements.As pointed
outonpage47 ofreference10,themanometerreadingwi~ be toohigh
fortotal-pressuremeasurementsina pulsatingstresm.Althoughthe
measuredtoted.pressurewill.be onlya smaU percentagetoohigh(vari-
ationsof+20percentgivea readingonly2 percenttoohigh),theerror
inanglemeasurementmaybe largebecauseofa fluctuatingflowangle.

Althoughthereis somedoubtabouttheabsoluteaccuracyofthe
surveys,variationsin errors(fromonebladeheightto theneti),caused
by flowfluctuations,areprobablymuchsmallerthanthemeasuredpres-
suredifferences,andtherepeatabilityofthedataindicatesthatany
mechanicalerroris consistent.Therefore,thetotal-pressureprofiles
we consideredadequateforcomparisonfromoneimpellerbladeheightto
thenext.

EmERIMENIMLRES.JLTS

Iinpeller140delMFI-1

Over-allperformance.- Theover-allperformancecharacteristics
fortheMFI-IAandtheMFI-lBaregiveninfigure3. Over-allpressure
ratioisplottedagainstweightflowfortherangeof speedswithcon-
stantefficiencycontourssuperimposedinfigures3(a)and(b),andover-
allefficiencyisplottedagainstweightflowfortherangeofspeedsin
figures3(c)and(d). A comparisonofpeakpressureratio,maximumeffi-
ciency,slipfactor,andweight-flowrangeis showninfigure4. The
pressureratiofortheMFI-IA,eventhoughithasa generallylowereffi-
ciency,isapproximatelythessmeasthatforthe141?’I-lBbecauseofthe
highertipspeedfortheMF’I-IA.Theslipfactor(fig.4)fortheMFI-IB
shouldbe lowerthanfortheMFI-IAbecauseofthebackwardbladecurva-
tureat outlet.Withbackwardbladecurvatures,thehigherrelative
through-flowvelocityresul.tsina highernegativetangentialcomponent
ofrelativevelocityforthelowerbladeheight.At thelowerimpeller-
outletspeedswherethiscomponentof velocityislargerinproportion
to theimpellerspeed,thedecreaseinslipfactorismoreinevidence.
Thedifferenceinmeximumweightflow(fig.4) decreasesfromminimum
speedtomaximumspeedasthechokepointmovesfromtheimpelleroutlet
towsrdtheimpellerinletwherethebladeheightisthesameforthetwo
impellers.ThesurgeweightflowfortheMFI-lB,exceptattheoutlet
speedof700feetpersecond,isluwerthanfortheMFI-lA.



6 liACARM E53L02 .

8taticpressure.- Theexperimentalstatic-pressuredistribution .
alongtheshroudfortheMFI-IAandMFI-3Biscompsredwiththetheoreti-
caldistributionfortheMFI-1infigure5. TheMFI-1hasthebasic
bladeheightandno splittervanes.Theassumptionofperfectguidance
ofthefluidby thei~ellerbladesandthedifficultyinobtainingan
accuratesolutioninmixedsupersonicandstisonicflowregionsas dis-
cussedinreference2 areprobablyresponsibleforthedisagreementoi?
theoreticalandexperimentaldataneartheInlet.Themaintenanceofa
morenearlyconstantdifferencebetweentheexperimentalandtheoretical
valuesfortheluwerbladeheightsuggestsa rapidbuild-upofboundary

w

layerneartheinletratherthanthegradualbuild-upalongtheshroud 8
forwhichtheincreaseinbladeheightwasmade.

Outletsurveys.- Theratiooftotalpressureacrossthepassageat
thesurveystationto inletstagnationpressureisgiveninfigure6 for
theMFI-IAandMFI-2B.Thegradientinenergyinputacrossthepassage -
basedonconstantslipfactorissuchthat,fortheMFI-lB,the”presskre .
ratioatthe80-percentdistanceacrossthepassage(fig.6)wouldbe
approximately5.0iftheefficiencythereequaledthatatthe20-percent
distance;therefore,a thickboundarylayerisindicatedneartheshroud ‘ _
forboththeMFI-lAandMFI-IB.

ImpellerModelMFI-2 —

Over-allperformance.- Theover-allperformancecharacteristics
fortheMFI-ZA,MFI-2B,andMFI-2C!aregiveninfigure7. Over-alJ.
pressureratioisplottedagainstweightflowfortherangeof speeds,
withconstantefficiencycontourssuperimposed,infigures7(a)to (c);
andover-allefficiencyisplottedagainstweightflowfortherangeof
speedsinfigures7(d)to (f). A comparisonofpeakpressureratio,
maximumefficiency,slipfactor,andweight-flowrangeisshowninfig-
ure8. Therewasno increaseinefficiencywithreductioninblade
heightastherewaswiththeMFI-1ingoingfromconfigurationA toB.
~er~was a largeincreaseinslipfactoringoingfromconfigm%tionA — ‘.
to c. Itwaspointedoutinreference3 thatseparationoffthetrailing
facecouldbethe-”reasonthattheslipfactorislowerthanthedesign
valueof 1.00.Anotherfactorthatmightbe responsiblemaybe explained

—

asfollows:Thereisno changeinangularmomentumwithincreasingim-
pellerradiusforthatportionofthefluid.thatisuninfluencedby the
bladesneartheoutlet.Therefore,inorderforthebladetounloadand
atthesametimetomaintainthetangentialvelocityofthefluidequal
to thatofthebladeat outlet,itwasnecessaryforthetangentialcom-
ponentofabsolutevelocityofthefluidupstremoftheoutlettobe

—

greaterthanthatattheoutlet.Thiswasbroughtaboutby forwardblade .
curvaturejustupstreamoftheoutlet.Forexample,onthemeanlinethe .—

.
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designabsolutetangentialcomponentof velocityofthefluidatthe6-
inchradiusis1460feetpersecondas comparedwiththeimpeller-outlet
mean-linespeedof1400feetpersecond.Withtheincreaseinblade
height,therelativevelocity(andthusthetangentialcomponentup-
streamoftheoutlet)probablyfellbelowthedesignvalueandreduced
theslipfactor.AswiththeMFI-1,themaximum-weight-flowplot(fig.
8) indicatesmovementofthechokepointfromtheinlettowardtheout-
letwithreductioninimpe31erspeed.Foroutletspeedsbelow1300feet
persecond,thesurgeweightflowisreducedwithreductioninblade
height.

Staticpressure.- Theexperimentalstatic-pressuredistribution
alongtheshroudfortheMFI-2A,MFI-2B,andMFI-2Ciscomparedwiththe
theoreticaldistributionfortheMFI-2Cinfigure9. Thelevelingoff
of staticpressureanddeparturefromthetheoreticaldistributionfor
theMFI-2Aata distanceratio L of 0.30mayindicateseparationalong
theshroud,inasmuchastheleveling-offpointmovesto L of 0.37in
theMFI-2Bandto 0.57intheMFI-2C.Thelevelingoffat L = 0.25 for
theMFI-2Cispeculisr,inthatitdoesnotappearwiththeMFI-2Aand

. MFI-2B. AswiththeMFI-1,themaintenanceofa morenearlyconstant
differencebetweentheexperimentalandtheoreticalvaluesforthelowest
bladeheightsuggestsa rapidbuild-upofboundarylayerneartheinlet.
BecauseofthehigherbladeheightintheMFI-2,thereductioninheight
makeslesschangeinthethrough-flowareaoftheMFI-2thanforthe
MFI-1(exceptattheoutlet)andthereforea smallerchangeinthestatic
p?essurealongtheshroud.

Outletsurveys.- Theratiooftotalpressureacrossthepassageat
thesurveystationto inletstagnationpressureisgiveninfigure10for
theMFI-2A,MFI-2B,andMFI-2C.Thechangeinprofileis somewhatless
thanthatfortheMFI-1withreductioninbladeheight.

DISCUSSION@’RESULTS

Efficiency

TheMFI-IAhnpellerhasanefficiency4 pointshigherthanthe
MFI-2Aatmean-linespeedof14Q0feetpersecond(0.83compsredwith
0.79).Withthefirstreductioninbladeheightto configurationB, the
differencebecame6 points,witha 2-pointimprovementinefficiencyfor
theMFI-1(0.85)andnonefortheMFI-2.Furtherreductioninblade
heightresultedinreducedefficiencyfortheMFI-2C!to 0.77.

* Exceptforlevelingoutofthestaticpressurealongtheshroud
whereseparationmayhaveoccurredfortheMFI-ZA,thestatic-pressure
distributionsontheshroud(figs.5 and9)andtheoutlet-surveypro-
filesoftheMFI-IAandMFI-2A(figs.6 and10)aresimilar.If



8 ~ NACARM E53L02 .

separationdidoccurintheMFI-2, it perhspsaccountsfora largepart
ofthedifferenceinefficiencybetweentheMFI-IandMFI-2.

WiththereductioninbladeheighttotheMFI-lBandMFI-2B,there
wasa muchlargerchangeinthetotal-pressure-ratioprofileat outlet
fortheMFI-1(fig.6)thanfortheMFI-2“(fig.10). Thefollowingex-
planationofthisoccurrenceisbasedona studyofthetheoretical
relativevelocitydistributionalongthehtiandthethrough-flmcom-
ponentof velocityfortheMFI-lAatthesurveystation.Thetheoreti-
cal.averagevelocitybetweenbladesalongthehfioftheMFI-1and
MFI-2Cisgiveninfigure11fora weightflowof13poundspersecond

3m
andanoutletmean-linespeedof1400feetpersecond.Froman L “-””““”””---
ratioof 048totheoutlet,thereisa I=-gedecelerationforthe
MFI-2C,butnotfortheMFI-1.Inviewofthis,itisprobableinthe
experhnentalcasethatthereisa changefromdeceleratingflowalong
thehtineartheoutletintheMFI-IAto acceleratingaverageflowin
theMFI-IB,anddeceleratingflowatallbladeheightsintheM.FI-2.

.—

Acceleratingflawonthehubwouldtendtopreventthebuild-upof
._

boundarylayerandbringabouttheimprovementintotal-pressurepro-
filefromtheMFI-IAto theMFI-IBshowninfigure6. Thus,itappears
thatthereisconsiderablemeritindesigningforcontinuousaccelera-

.

tionoftheaverageflowfrominletto outletonthehvib. —

Separation

Intheinvestigationsofreference9,therewaslittleindication
offlowseparationwithintherotatingpassage.Instead,theairof
lowkineticenergyappearedtohavemovedtothebladetrailingfaceat

--

thehtiandtohaveaccumulatedata pointontheshroudapproximately
—

80percentofthepassagewidthfromthe~iving(pressyre)face.The
static-pressurevariationfrmninletto outletindicatedthat~hi”s

——
secondary-flowmovementtookplacesmoothlywithno abruptchangesin

:J

pressuresuchasthatindicatedfortheMFI-2infigure9;therefore,
itisconjecturedthatseparationdidoccurintheMFI-2alongtheshroud.

—
— —

Thereisa slightchangeindirectionforthestatic-pressuredis-
tributionalongtheshroudoftheMFI-IBinfigure5;but,fromthe
shapeofthecurvefortheMFI-IAandcomparisonwiththetheoretical
curve,M separationdidoccuritwasnotof sufficientproportionto
causesuddenblockageoftheflow. Inasmuchasthestatic-pressure
gradientsalongtheshroudsresimilarforthetwoimpellers(MFI-1and
MFI-2)andtheover-allgradientfortheMFI-2Bisnotas severeasthat
for
are
the
the
low

theMFI-IA,itappearsthatpressuregradients(orvelocitygradients)
notthecontrollingfactorasregardsseparationinthiscase.With , -
rapidbuild-upofboundarylayerinthepassageas is indicatedby
static-pressureprofile,perhapsintheMFI-1,whichhasrelatively
bladeheightcomparedwiththeMFI-2,theboundarykyer etiendsfrom --
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shroudto hub,andseparationisrenderedunstableby a
increaseinfree-streamvelocityjustdownstreamofthe

9

largeattendant
separationpoint.

Ifthisisthecase,designofthehub-shroudprofilebasedontheprin-
cipleofthedivergentdiffusers(refs.I-1and12)-y h desirable.

Itwassuggestedinreference3 thatseparationalongthetrailing
faceat exitmayhavecauseda reductionin slipfactorfortheMFI-2A
becauseofthelargebackwardcurvatureofthebladeatthedrivingface.

E In lightoftheresultsofreference9,anaccumulationof low-energy
% airatthetrailingfacead~acentto thehubcouldhaveproduceda simi-

larresultwithoutseparation.Theincreasesintotal-pressureratio
neartheinnerwallfortheMFI-U3(fig.6)andtheMFI-2B(fig.10)(as
compsredwiththeMFI-I-AandMFI-2A,respectively),whichwereaccom-
paniedby an increaseinslipfactorforbothimpellersat theoutlet
speedof1400feetpersecond,indicatethatthismaybe thecase.

AllowanceforViscousEffects

Inthecomputationsofreference2,a valueof 0.90wasassumed
forinternalrelativeefficiency,anditwasindicatedthatat outletthe
expertientalrelativevelocityandstaticpressurefortheMFI-IAwere
approximatelyequaltothatforisentropicdesignwithno increasein
bladeheight.It is indicatedfromthethrough-flowcomponentofaverage
velocityatthesurveystationfortheMl?I-lBthatexceptat thehubthe
experimentaloutletrelativevelocityevenfortheMFI-I.Bis lowerthan
thetheoreticalvaluefortheMFI-1. Thus,it appesrsthattheassumed
relativeefficiencyof 0.90inreference2 wastoohigh;and,withre-
spectto velocity,theallowanceforboundarylayerat theoutletwas
toogreatforboththeMFI-lAandMFI-IB.

Withrespectto decreasesin static.pressuredueto viscouslosses
andboundary-layerblockage,theblade-heightincreaseneartheoutlet
oftheMFI-IAappearstobe approximatelycorrect.~However,ashasbeen
pointedout,theboundarylayerapparentlybuildsuprapidlynearthe
inlet,andsufficientalJowancewasnotmadeexceptneartheoutlet.
Theforegoingdiscussionapplysalsoto theMFI-2.

GeneralConsiderations

Theresultsobtainedinthisinvestigationcannotbe usedto deter-
minedirectlythemagnitudeorlocationofa boundary-layerallowance.
Further,whatmaybe anallowablepressureor velocitygradientalong
theshroudforoneimpelJ_erconfigurationmaynotbe satisfactoryfor
anotherconfiguration.Theseconsiderationssuggestthat,
decelerationthat
thepassageshape

musttakeplacealongtheshroudofthis
andnotthevelocitygradientmaybe the

forthelarge
typeimpeller,
primaryfactor.
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Forexsmple,cuttingdowntheMFI-2tendedtomovetheapyarentsepara-
tionpointtowardtheoutletalongtheshroudattheexpenseofa higher
Machnumberattheoutlet,butdidnoteliminateseparation.Thus,the
efficiencywasnotincreased,butevendecreased,ingoingto thelowest
bladeheight. ‘

TheincreaseinefficiencyfortheMFI-1.ingoingfromtheMFI-IA““
-.

to theMFI-IBapparentlywasnottheresultof anychangealongthe
shroud,butofa changeinboundsry-la~rprofilealongthehub. Judging

—.-

fromthetheoreticalresultsandtheoutlets~veys(fig.6),there
probablywasa changeinthiscasefromanaveragedecelerationto $’
accelerationalongthehub. Apparentlytheacceleratingflowtendedto
reducetheboundarylayeratthehtiandthu,”-%educe-theaccumulationof
low-energyairalongthetrailingfaceasdiscussedinreference9.

Thereareat leastthreedistinctsourcesof lossassociatedwith
,-=

boundary-layerbuild-upalongthehubandshroudwithintherotating
passage.First,thereisthebuild-wpofbofidarylayerontheshroud

.

thatmaygiveriseto secondary-flowmovementsoflow-energyairtoward
thetrailingface.Thislow-energyairmaybe metby low-energyair .—
movingfromthetrailingfacebecauseof leakagethroughthehub-to-shroud
clearancespaceandpossiblyforma vortexoti”theshroud,as discussed
inreference9. Second,thereis separationoftheboundarylayeron
theshroud;andthird,thereisbuild-~of’boundarylayeronthehfi
withaccumulationoflow-energyairadjacenttothetrailingfacedueto
secondaryflow(ref.9).

Apparently,separationwaspreventedontheshroudoftheMFI-1but
notintheMFI-2,whichmayaccountfora largepartofthedifference
inefficiencyforthetwoimpellers.Inaddition,thethirdsowceof
losswasgreatlyreducedintheMFI-lB.Itappears,therefore,thatof
thethreesourcesoflossmentioned,theonlyonethatisverydifficult
to eliminateisthatassociatedwithboundary-layerbuild-upandsecond-
aryflowontheshroud. .

.

SuMMAm OFKESULTS .

TwoImpellers,theMFI-1andtheMFI-2,wereinvestigatedexperi-
mentallyinan attemptto determinetheallowanceIn bladeheightthat

-.

shouldbe madeforboundsry-layerandVISCOUSlossesinan impellerde-
signedforisentropiccompressibleflow. Inthefirststep(impellers
MFI-IAandMFI-2A),anallowancewasmadeinwhichthebasicblade

.-

heightwasincreasedfromzeroat inletto 74percentoftheoutlet
.-.

radialbladeheightat outlet.Thegradualincreasewasmadeinex-
—

7

.
ectationofa gradualbuild-upofboundsry-layer.Inthesecondstep
impellersMFI-lBandMFI-2B),thesllowancewasreducedby half. In

.

thethirdstep(impellerMFI-2C),whichwasomittedfortheMFI-1,the .
allowancewaseliminated.Thefollowingresultswereobtained:

T- .—
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1.Themaximumover-alladiabaticefficiencyoftheMFI-IA(step
one)atthedesignspeedof1400feetpersecondwas0.83andofthe
MFI-lB(steptwo)was0.85.

Themaximumover-allefficiencyoftheMFI-2A(stepone)atthe
designspeedof1400feetpersecondwas0.79;oftheMFI-2B,0.79(step
two);andoftheMFI-2C,0.77(stepthree).

2.Theboundarylayerappearstobuildup rapidlyneartheinletof
~ theimpeller,notgraduallyaswasexpected.Therefore,theprescrip-
~ tionofan increaseinbladeheightto allowforboundary-layerand

viscouslossescannotbe madefromthedataobtained.

3.It isindicatedthattheconsequencesofa thickenedor separated
boundarylayerdependnotonlyonthedesignvelocitygradientsbutalso
ontheshapeofthepassage.Changingthedecelerationrateonthe

. shroudby reducingthebladeheightapparentlydidlittleto increase
theover-allefficiency.It isindicatedfromthetheoreticalvelocity

.i
distributionandtheoutletsurveysthattheincreaseinefficiencyfrom
theMFI-IAto theMFI-lBwasdueto a changefromdeceleratingto accel-
eratingflowalongthehubratherthanfromanychangealongtheshroud.

8

LewisFlightPropulsionLaboratory
NationalAdvisoryCommitteeforAeronautics

Cleveland,Ohio,Noveniber27,1953
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